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RECOMMENDED CHANGES I N  THE USE OF SPACE VEHICLES 
I N  THE APOLLO TEST PROGRAM - -  

I. RECOMMENDATIONS 

Based on c o n s i d e r a t i o n s  p r e s e n t e d  h e r e  and d i s -  

cussed  i n  t he  appendices ,  the  fo l lowing  changes t o  t h e  
Apollo f l i g h t  t e s t  program a r e  recommended : 

( A )  That  Apollo s p a c e c r a f t  f l i g h t  t e s t i n g  b e  
t r a n s f e r r e d  from S a t u r n  I t o  t he  S a t u r n  IB ,  
and t h a t  the S a t u r n  I program be  t e rmina ted  
a f t e r  f l i g h t  SA-10; 

( B )  That  a l l  Sa turn  I B  f l i g h t s  (beginning  wi th  
SA-201) c a r r y  s p a c e c r a f t  modules i d e n t i c a l  
i n  d e s i g n  t o  those  to b e  used i n  o p e r a t i o n a l  
mi s s ions ;  and 
That  t he  s p a c e c r a f t  on unmanned S a t u r n  I B  
f l i g h t s  i nc lude  mechaniza t ion  which w i l l  
p e r m i t  e x t e n s i v e  t e s t i n g  of  s p a c e c r a f t  
systems i n  E a r t h  o r b i t .  

( C )  

11. CONSIDERATIONS LEADING TO RECOMMENDATION ( A )  

1. S a t u r n  I has  always been regarded  a s  a n  i n t e r i m  t e s t  
v e h i c l e  i n  t h e  Apollo Program. 

Because of t h e  l i m i t e d  payload c a p a b i l i t y  of  t h e  
S a t u r n  I (see Appendix A ) ,  i t  was expected t h a t  
t e s t i n g  o f  s p a c e c r a f t  systems would b e  t r a n s -  
fe r red  to t h e  S a t u r n  I B  a s  soon a s  t h e  l a r g e r  
v e h i c l e  was a v a i l a b l e .  N e i t h e r  s t a g e  of  t h e  
S a t u r n  I i s  p a r t  of t h e  f i n a l  l u n a r  landing  
system. 
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2.  S u b s t a n t i a l  c o s t  s av ings  w i l l  r e s u l t  from t e r m i n a t i o n  
o f  t h e  S a t u r n  I s e r i e s  a f t e r  SA-10. 

A s t u d y  by MSFC, r e p o r t e d  i n  Appendix D, i n d i -  
c a t e s  t h a t  t e r m i n a t i o n  a f t e r  SA-10 would save  
about  $280 m i l l i o n .  

3. Because o f  de layed  s p a c e c r a f t  a v a i l a b i l i t y ,  t h e  u s e f u l -  
ness  of  t h e  S a t u r n  I v e h i c l e  has  d iminished  t o  t h e  e x t e n t  
t h a t  c o n t i n u a t i o n  o f  t h e  S a t u r n  I s e r i e s  beyond SA-10 cannot  
b e  j u s t i f i e d .  

The use  o f  S a t u r n  I f l i g h t s  beyond SA-10 would 
be j u s t i f i e d  o n l y  i f  a s u b s t a n t i a l  t ime advantage 
were to be ga ined .  S p a c e c r a f t  s chedu le  d e l a y s  
d i s c u s s e d  i n  Appendix C ,  and a f a v o r a b l e  o u t l o o k  
i n  having t h e  S a t u r n  I B  a v a i l a b l e  when space-  
c r a f t  a r e  a v a i l a b l e ,  i n d i c a t e  t h a t  e x p e n d i t u r e s  
f o r  S a t u r n  I f l i g h t s  beyond SA-10 a r e  n o t  
warran ted .  

111. CONSIDERATIONS LEADING TO RECOMMENDATIONS ( B )  AND ( C )  

1. S u i t a b l e  mechaniza t ion  w i l l  i n c r e a s e  t h e  y i e l d  from 
unmanned f l i g h t  tes ts  and w i l l  a l l o w  s p a c e c r a f t  tes ts  t o  
be conducted i n  combinat ion w i t h  launch v e h i c l e  development 
f l i g h t s .  

With t h e  mechaniza t ion  d i s c u s s e d  i n  Appendix B, 
many tes t s  p r e v i o u s l y  a s s i g n e d  to l a t e r  manned 
f l i g h t s  can  be performed on launch  v e h i c l e  f l i g h t s  
beginning  w i t h  SA-201. T e s t  program p r o g r e s s  
w i l l  b e  less dependent on a c h i e v i n g  t h e  n e c e s s a r y  
conf idence  f o r  manning e a r l y  i n  t h e  program. 
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2 .  Use of f i n a l  conf igu ra t ion  s p a c e c r a f t  modules on a l l  
f l i g h t s  w i l l  p rovide  r e p e a t  oppor tun i ty  f o r  e a r l y  space-  
c r a f t  t e s t s  of s u b s t a n t i a l  scope. 

A l l  S a t u r n  I B  f l i g h t s ,  i n c l u d i n g  those  used f o r  
launch v e h i c l e  development t e s t i n g ,  w i l l  have 
s i g n i f i c a n t  s p a c e c r a f t  t e s t  o b j e c t i v e s .  T e s t  
p rog res s  i s  t h e r e f o r e  n o t  dependent on t h e  success  
of a l l  t e s t  f l i g h t s  as t h e r e  w i l l  be s e v e r a l  
o p p o r t u n i t i e s  dur ing  t h e  launch  v e h i c l e  develop- 
ment phase t o  achieve  the d e s i r e d  f u l l - s c o p e  
s p a c e c r a f t  o b j e c t i v e s .  

I V .  SUMMARY OF EXPECTED EFFECTS OF THE PROPOSED CHANGES 
I N  THE FLIGHT TEST PLAN 
1. The probable  da t e  of the f i r s t  manned l u n a r  l and ing  
w i l l  n o t  be changed by t h e  recommended r e v i s i o n s .  

The proposed changes do n o t  a l t e r  t h e  number 
of spacec?a f t  development f l i g h t s ,  b u t  t r a n s f e r  
t e s t  o b j e c t i v e s  a t  an  e a r l i e r  d a t e  t o  a v e h i c l e  
w i t h  g r ea t e r  o r b i t a l  t e s t i n g  c a p a b i l i t i e s .  
Although manned Apollo f l i g h t s  have been delayed 
approximately one year ,  under the r e v i s e d  t e s t  
p o l i c y ,  f u l l  scope s p a c e c r a f t  t es t s  w i l l  be 
combined w i t h  the  launch v e h i c l e  development 
f l i g h t s  beginning  with SA-201. S ince  SA-201 
occurs  p r i o r  t o  p r e v i o u s l y  scheduled S a t u r n  I 
manned f l i g h t s ,  no s i g n i f i c a n t  d e l a y  i n  s p a c e c r a f t  
t e s t i n g  r e s u l t s .  

Confidence i n  the l u n a r  l and ing  schedule  w i l l  
be i nc reased  s i n c e ,  (1) f l i g h t  t e s t  p rogres s  
w i l l  be l e s s  dependent on e a r l y  achievement 
of manning, ( 2 )  a d d i t i o n a l  o p p o r t u n i t i e s  
w i l l  be provided to a t t a i n  e a r l y  s p a c e c r a f t  
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f l i g h t  t e s t  o b j e c t i v e s ,  and ( 3 ) ,  t h e r e  w i l l  
be a g r e a t e r  o p p o r t u n i t y  t o  app ly  Gemini f l i g h t  
exper ience  and t h e  r e s u l t s  o f  ground t e s t s  and 
s i m u l a t i o n s  t o  Apollo des igns  and o p e r a t i o n s .  

2 .  The recommended changes w i l l  a l l ow manning to b e  under- 
t aken  w i t h  g r e a t e r  conf idence  i n  crew s a f e t y .  

The mechanizat ion o f  e a r l y  t e s t  f l i g h t s  w i l l  a l l ow 
more complete demonst ra t ion  o f  space  v e h i c l e s  
p r i o r  to manning. S i n c e  a s u b s t a n t i a l  y i e l d  can 
b e  ob ta ined  from cont inued  unmanned t e s t i n g ,  t h e  
urgency o f  man r a t i n g  to p r e s e r v e  t h e  schedule  
i s  g r e a t l y  reduced.  

3. The recommended change i n  t h e  f l i g h t  t e s t  program w i l l  
r e s u l t  i n  s u b s t a n t i a l  s a v i n g s .  

The e l i m i n a t i o n  o f  S a t u r n  I f l i g h t s  beyond SA-10 
w i l l  r e s u l t  i n  s av ings  o f  about  $50 m i l l i o n  i n  
FY-64, and about  $100 m i l l i o n  i n  FY-65. T o t a l  
s av ings  i n  t h e  launch  v e h i c l e  a r e a  a r e  e s t ima ted  
to b e  ove r  $280 m i l l i o n .  
t h e  s p a c e c r a f t  a r ea  a r e  more d i f f i c u l t  t o  e v a l u a t e  
and w i l l  be o f f s e t  to some e x t e n t  by t h e  c o s t  o f  
development o f  i n c r e a s e d  mechaniza t ion .  

F i s c a l  e s t i m a t e s  i n  

4 .  The recommended changes w i l l  c o n c e n t r a t e  e f f o r t  on e l e -  
ments o f  t he  f i n a l  l u n a r  l and ing  system. 

NASA and Con t rac to r  e f f o r t  on  t h e  S-IV s t a g e  can 
b e  t r a n s f e r r e d  t o  the  S-IVB program. S i m i l a r l y ,  
e f f o r t  on i n t e r i m  s p a c e c r a f t  c o n f i g u r a t i o n s  can  
b e  a p p l i e d  to f i n a l  d e s i g n s .  Other  manpower 
e f f e c t s  a r e  d i scussed  i n  Appendix D. 
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SPACE VEHICLE CONSIDERATION FOR TRANSFERRING SPACECRAFT TEST 
OBJECTIVES FROM SATURN I TO SATURN I B  LAUNCH VEHICLES. 

I. SUMMARY 

Apollo t e s t  p lanning  i s  based on f l i g h t  t e s t i n g  space-  
c r a f t  a s  soon as they  become a v a i l a b l e .  E a r l y  i n  t h e  program, 
i n d i c a t i o n s  were t h a t  t h e  Sa turn  I would be t h e  only v e h i c l e  
w i t h  s u f f i c i e n t  payload c a p a b i l i t y  a v a i l a b l e  a t  the  time space- 
c r a f t  would be ready  f o r  t e s t i n g .  Curren t  e s t i m a t e s  of Apollo 
space v e h i c l e  a v a i l a b i l i t y  i n d i c a t e  t h a t  t h e  Sa tu rn  I B  can be 
used wit.hnut s i g n i f i c a n t l y  changing t h e  d a t e  of i n i t i a l  t e s t s .  
The inc reased  c a p a b i l i t y  of t he  S a t u r n  I B  over t h e  S a t u r n  I, a s  
w e l l  as  t h e  o v e r a l l  s i m p l i f i c a t i o n  t o  t he  Apollo program, make 
i t  d e s i r a b l e  to t r a n s f e r  s p a c e c r a f t  t e s t i n g  to t h e  Sa tu rn  I B  
a t  t h e  e a r l i e s t  p o s s i b l e  d a t e .  

11. LAUNCH VEHICLE CONFIGURATIONS 

The launch v e h i c l e s  under c o n s i d e r a t i o n  f o r  t h e  i n i t i a l  
s p a c e c r a f t  t e s t i n g  a r e  the  Sa turn  I and Sa tu rn  I B .  C h a r a c t e r i s t i c s  
o f  t h e  f i r s t  and second s t a g e s  o f  t hese  v e h i c l e s  a r e  compared 
i n  Tables  A - 1  and A-2, r e s p e c t i v e l y .  The f i r s t  s t a g e s  a r e  
e s s e n t i a l l y  i d e n t i c a l  except  for a d i f f e r e n c e  i n  t h e  aerodynamic 
f i n s .  The second s t a g e s  a r e  t o t a l l y  d i f f e r e n t  excep t  f o r  t h e i r  
use of t h e  same p r o p e l l a n t s  and  s t r u c t u r a l  concept .  

111. SATURN I B  AVAILABILITY 

The b a s i c  q u e s t i o n  t o  be r e so lved  be fo re  cons ide r ing  
t r a n s f e r  o f  s p a c e c r a f t  t e s t  o b j e c t i v e s  from S a t u r n  I t o  S a t u r n  I B ,  
i s  t h e  a v a i l a b i l i t y  of t h e  Sa tu rn  I B  launch v e h i c l e .  S ince  t h e  
f i r s t  s t a g e s  of t h e  two v e h i c l e s  are e s s e n t i a l l y  t h e  same, a v a i l -  
a b i l i t y  i s  n o t  a f a c t o r .  H3wever, t h e  s-IVB des ign ,  while  us ing  



the  same s t r u c t u r a l  concept  a s  the  S - I V  s t a g e ,  i s  based on 
use  of a new engine,  t he  J -2 .  T h i s  engine  r e p r e s e n t s  a s i g n i f -  
i c a n t  advance i n  hydrogen-oxygen r o c k e t  engine  technology.  U n t i l  
i t s  development was a s s u r e d ,  i t  was n o t  p o s s i b l e  t o  p l a c e  f u l l  
r e l i a n c e  on the  a v a i l a b l i l i t y  of t h e  S a t u r n  I B  v e h i c l e  f o r  e a r l y  
s p a c e c r a f t  f l i g h t  t e s t i n g .  

A .  J-2 Engine Problem Areas 

U p  u n t i l  the  ea r ly  p a r t  o f  1963, t he  J -2  engine  
development program was e x p e r i e n c i n g  d i f f i c u l t i e s  i n  
three a r e a s :  

1. High engine  s i d e  l o a d s  d u r i n g  sea  l e v e l  
t e s t i n g .  

2. LOW performance ( S p e c i f i c a t i o n  S p e c i f i c  
Impulse of  426 l b f - s e c / l b m )  

3. I n a b i l i t y  of t he  hydrogen pump t o  meet t he  
minimum n e t  p o s i t i v e  s u c t i o n  head (NPSH) 
requi rement .  

S o l u t i o n s  to these problem a r e a s  have been found 
d u r i n g  the  l a s t  s i x  months. 

B. 5-2 Engine Test  Program 

The f irst  J-2 engine  system f i r i n g s  commenced 
e a r l y  i n  1962. T h i s  engine  w i l l  b e  r e q u i r e d  t o  o p e r a t e  
f o r  467 seconds d u r i n g  the  S a t u r n  I B  f l i g h t s .  An e a r l y  
program m i l e s t o n e  was reached  when t h e  f i rs t  system was 
s u c c e s s f u l l y  f i r e d  f o r  250 seconds i n  October  of 1962. 
However, i t  was n o t  u n t i l  t h e  e a r l y  p a r t  o f  1963 t h a t  
t h e  q u a n t i t y  and q u a l i t y  of l ong  d u r a t i o n  tes t s  of 
the J-2 s ta r ted  to i n c r e a s e .  
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Figure  A - 1  g r a p h i c a l l y  summarizes t h e  long  
d u r a t i o n  (ove r  200 seconds)  tests' conducted i n  the 
program. T h i s  f i g u r e  i n d i c a t e s  t h a t  r e l a t i v e l y  few 
t e s t s  were planned u n t i l  1963. One of the r easons  
f o r  t h i s  was t h e  d i f f i c u l t y  of o b t a i n i n g  t e s t i n g  
f a c i l i t i e s .  F igu re  A-1 i n d i c a t e s  t h a t  of 87 tes ts  
planned, on ly  50 have been s u c c e s s f u l .  However, a 
cons ide rab le  number of  the tests planned had instrumen- 
t a t i o n  and t e s t  f a c i l i t y  f a i l u r e s  r a the r  than  engine 
sys  tem f a i l u r e s  . 

Table  A - 3  g i v e s  a summary of the t e s t  r e s u l t s  o f  
each  long  d u r a t i o n  t e s t  and i n d i c a t e s  t h e  cause of 
f a i l u r e  i f  t h e  t e s t  was unsuccess fu l .  F igu re  A - 2  
p r e s e n t s  t h e  percentage of s u c c e s s f u l  tes ts  based on 
the t o t a l  long  d u r a t i o n  tes ts  n o t  te rmina ted  due t o  
i n s t r u m e n t a t i o n  o r  t e s t  f a c i l i t y  f a i l u r e s .  This  f i g u r e  
shows a g e n e r a l l y  i n c r e a s i n g  t r end  w i t h  approximately 
70% s u c c e s s f u l  t e s t s  as the c u r r e n t  s t a t u s .  

Although t h e  f i rs t  500 second t e s t  i s  n o t  planned 
u n t i l  the  l a t t e r  par t  of November 1963, the r e s u l t s  
of the tes ts  o f  200 seconds and longe r  i n d i c a t e  the 
engine development has progressed t o  a p o i n t  t h a t  
a s s u r e s  i t s  a v a i l a b i l i t y .  

I V .  ORBITAL TESTING CAPABILITIES 

A .  T e s t i n g  Cons idera t ions  

v e h i c l e s  have t h e  payload c a p a b i l i t y  r e q u i r e d  f o r  
c a r r y i n g  the Command Module and Se rv ice  Module, on ly  
the S a t u r n  I B  has a large enough payload t o  c a r r y  t h e  

While b o t h  t h e  S a t u r n  I and t h e  S a t u r n  I B  launch 
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complete s p a c e c r a f t  which i n c l u d e s  t h e  Apollo Adapter 
and the Lunar Excursion Module. However, n e i t h e r  
v e h i c l e  i s  capable  of c a r r y i n g  a f u l l y  f u e l e d  space-  
c r a f t  . 

The u t i l i t y  of t he  two launch  v e h i c l e s  can be 
judged by comparing t h e  o r b i t a l  f l i g h t  t e s t  c a p a b i l i t y  
of t h e  two v e h i c l e s .  A number of d i f f e r e n t  o r b i t a l  
f l i g h t  t e s t s  t h a t  involve  Se rv ice  Module main p ropu l s ion  
must be performed. T e s t  f i r i n g s  of t h e  Se rv ice  Module 
engine under ze ro  g r a v i t y  c o n d i t i o n s  cannot  be accomplished 
by ground t e s t  and t h e  e f f e c t s  on t h e  engine  o f  the co ld  
soak i n  t h e  space environment must be e v a l u a t e d .  I n  
a d d i t i o n ,  long  d u r a t i o n  engine f i r i n g s  must a l s o  be 
accomplished sometime d u r i n g  t h e  f l i g h t  t e s t  program. 

B.  S p a c e c r a f t  P r o p e l l a n t  Loading and V e l o c i t y  Increments  

To determine t h e  a l lowab le  p r o p e l l a n t  l oad ing  and 
v e l o c i t y  increments  t h a t  can be provided i n  the Command 
Module - Serv ice  Module combination, i t  i s  necessa ry  
t o  e s t a b l i s h  t h e  payload c a p a b i l i t i e s  of the launch  
v e h i c l e s .  

Tables  A - 4  and A-5  show the payload c a p a b i l i t i e s  of 
t h e  Sa tu rn  I and t h e  S a t u r n  I B  based on t h r e e  d i f f e r e n t  
se t s  o f  weights :  t h e  c o n t r o l  weight ,  t h e  d e s i g n  g o a l  
weight and the c u r r e n t  weight .  

The c o n t r o l  weights  are  expected to be achieved w i t h  

some as su rance ,  and have been used i n  t h e  comparison. On 
t h i s  b a s i s ,  t h e  S a t u r n  I B  p rov ides  a n  e a r t h  o r b i t a l  pay- 
load  c a p a b i l i t y  of 32,500 pounds compared to 22,500 pounds 
f o r  t h e  S a t u r n  I .  Both of  t h e s e  weights a r e  based on 



c a r r y i n g  the launch  escape system dur ing  t h e  
e a r l y  p a r t  of t h e  boos t  phase. 
payload c a p a b i l i t y  of  the S a t u r n  I i s  less than  
t h a t  r equ i r ed  f o r  a n  empty Apollo s p a c e c r a f t .  Even 
w i t h  the Lunar Excursion Module omi t ted ,  t h e  S a t u r n  I 
payload c a p a b i l i t y  i s  q u i t e  marginal  and a l lows  only  
a minimum of  p r o p e l l a n t  f o r  f l i g h t  t e s t i n g .  

The 22,500 pound 

Table A-6 compares t h e  f l i g h t  t es t  c a p a b i l i t y  
of the launch  v e h i c l e s  b a s e d  on the c o n t r o l  weights 
of the s p a c e c r a f t  modules. The s p a c e c r a f t  c o n t r o l  
weightx inc lude  r e s i d u a l  and unusable  p r o p e l l a n t s  
and r e a c t i o n  c o n t r o l  p r o p e l l a n t  weights. 

To determine the a v a i l a b l e  p r o p e l l a n t  f o r  o r b i t a l  
t e s t i n g ,  the p r o p e l l a n t  r e q u i r e d  f o r  r e - e n t r y  is  added 
t o  the s p a c e c r a f t  c o n t r o l  we igh t s .  Table A-6 i n d i c a t e s  
t h a t  w i t h  t h e  S a t u r n  I launch v e h i c l e ,  on ly  170 pounds 
of s p a c e c r a f t  p r o p e l l a n t  would be a v a i l a b l e  f o r  o r b i t a l  
t e s t s .  T h i s  can provide a v e l o c i t y  increment  (AV) of 
about  80 fee t / second and r e s u l t s  i n  l e s s  t han  3 seconds 
of o r b i t a l  p ropu l s ion  tes ts .  I n  c o n t r a s t ,  the S a t u r n  I B  
launch  v e h i c l e  a l lows  the s p a c e c r a f t  t o  be loaded w i t h  
7,600 pounds of p r o p e l l a n t  f o r  o r b i t a l  t e s t i n g  which 
provides  a AV of approximately 3,050 fee t / second.  Thus, 
the S a t u r n  I B  launch  v e h i c l e  provides  over  40 t imes the 
d u r a t i o n  of s p a c e c r a f t  p ropu l s ion  tes ts  ob ta inab le  when 
us ing  t h e  S a t u r n  I. 

It should be noted t h a t  the 40 t o  1 f a c t o r  a p p l i e s  
on ly  t o  long  o r b i t a l  miss ions ,  s i n c e  f o r  o r b i t a l  miss ions  
of t h r e e  days or l e s s ,  approximate ly  1,100 pounds of 
conswnables f o r  crew suppor t  can be of f - loaded  from t h e  
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Command Module and Se rv ice  Module. Table A - 7  shows 
a d e t a i l  breakdown of the weight  t h a t  can be o f f -  
loaded .  This  weight would be e x a c t l y  equa l  to the  
amount of p r o p e l l a n t  t h a t  could be added  f o r  o r b i t a l  
t e s t i n g .  Thus, for 3 day mis s ions ,  t h e  S a t u r n  I 
would a l low approximately 1,300 pounds of p r o p e l l a n t  
to be used and the S a t u r n  I B  approximate ly  8,700 pounds, 
o r  over 6 t imes t h a t  of t h e  S a t u r n  I .  

C .  Payload Growth P o t e n t i a l  

A t  p r e s e n t ,  s t u d i e s  a r e  be ing  conducted f o r  t h e  
purpose of i n c r e a s i n g  the payload c a p a b i l i t i e s  of the 
launch v e h i c l e s  under c o n s i d e r a t i o n .  Any payload i n -  
c r e a s e  can be used d i r e c t l y  f o r  o r b i t a l  p ropu l s ive  
t e s t i n g .  The s t u d i e s  i n d i c a t e  t h a t  payload i n c r e a s e s  
i n  the  Sa tu rn  I v e h i c l e  are  n o t  promising,  while there 
a r e  three areas t h a t  app ly  t o  t h e  S a t u r n  I B  v e h i c l e  
t h a t  would a l low payload i n c r e a s e s  t o  be r e a l i z e d .  

The f i r s t  of t h e s e  is i n  the a r e a  of t h e  J-2 
eng ine .  The mixture  r a t i o  now s p e c i f i e d  f o r  the J-2 
engine i s  5 to 1. S t u d i e s  and t e s t s  now show t h a t  
va ry ing  t h e  mixture  r a t i o  d u r i n g  f l i g h t  w i t h  t h e  changing 
atmospheric cond i t ions  would produce a g a i n  i n  payload 
c a p a b i l i t y  of  1,100 pounds. 

A second change p o s s i b l e  i s  i n  the i n s u l a t i o n  
on t h e  S-IVB s t a g e  l i q u i d  hydrogen t ank .  By r educ ing  
the  d e n s i t y  of t h e  i n s u l a t i o n  and d e c r e a s i n g  the 
i n s u l a t i o n  s e a l e r  t h i c k n e s s ,  a n o t h e r  500 pounds can 
be added t o  t h e  payload c a p a b i l i t y .  Both of t h e s e  
i n c r e a s e s  could be r e a l i z e d  by t h e  f i r s t  S a t u r n  I B  
f l i g h t .  
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The t h i r d  change involves  up - ra t ing  the  
H-1 engines  of t he  f i r s t  s t a g e  from 188,000 pounds 
to a t h r u s t  l e v e l  of 200,000 pounds. T h i s  can be 
accomplished wi th  no major change to t h e  engine ,  b u t  
does r e q u i r e  more t e s t i n g  a t  t he  up-rated l e v e l .  The 
up - ra t ing  of  t h e  H - 1  engine could i n c r e a s e  the pay- 
load c a p a b i l i t y  by 2,080 pounds. 

O f  t h e s e  t h r e e  poss ib l e  changes, on ly  t h e  program 
to up-ra te  t h e  H - 1  engine could be used t o  i n c r e a s e  
the  payload c a p a b i l i t y  of  t h e  Sa tu rn  I; b u t  h e r e ,  t h e  
t i m e  r equ i r ed  t o  accomplish the up - ra t ing  makes the 
h igh  t h r u s t  engine a v a i l a b l e  too l a t e  f o r  the S a t u r n  I 
program. The up- ra ted  H-1 engines  cannot  be a v a i l a b l e  
u n t i l  the f o u r t h  Sa turn  I B  f l i g h t .  I f  a l l  of t h e s e  
programs to i n c r e a s e  the performance of t he  S a t u r n  I B  
a r e  completed, the payload c a p a b i l i t y  of t he  S a t u r n  I B  
would be inc reased  by 3,680 pounds by the time of the 
f o u r t h  launch .  N5ne of t h e s e  programs could be e f f e c t i v e l y  
app l i ed  to t he  S a t u r n  I launch v e h i c l e .  

V .  PROGRAM SIMPLIFICATION 

A .  General  

I n  t h e  launch  v e h i c l e  and s p a c e c r a f t  a r e a s ,  t h e  
same Centers  and major c o n t r a c t o r s  a r e  involved i n  the 
S a t u r n  I and the Saturn  I B  programs. De le t ion  of manned 
Apollo mis s ions  f r o m  the S a t u r n  I program r e s u l t s  i n  
cons ide rab le  s i m p l i f i c a t i o n  of t h e  work loads  and a l lows  
t h e  c o n t r a c t o r s  to concen t r a t e  t h e i r  e f f o r t s  and f a c i l i -  
t i e s  on des igns  t h a t  have more d i r e c t  use i n  t h e  l u n a r  
l and ing  program. 



B. Launch Vehic le  

The f i r s t  s t a g e s  of the S a t u r n  I and t h e  S a t u r n  I B  
(S - I  and S-IB, r e s p e c t i v e l y )  a r e  e s s e n t i a l l y  i d e n t i c a l  
and a r e  under c o n t r a c t  t o  Chrys l e r .  By d e l e t i n g  
Sa tu rn  I v e h i c l e s  a f t e r  SA10, t h e  f i rs t  s t a g e  con- 
t r a c t o r  can concen t r a t e  h i s  e f f o r t s  and f a c i l i t i e s  
on one f i n a l  des ign  of t h i s  s t a g e .  T h i s  has  the d i r e c t  
e f f e c t  of reducing  t h e  work load  a t  Chrys l e r  d u r i n g  
FY-64. 

The second s t a g e s  of the S a t u r n  I and t h e  S a t u r n  I B  
( S - I V  and S-IVB, r e s p e c t i v e l y )  a r e  under c o n t r a c t  t o  
Douglas A i r c r a f t  Company. The S-IVB s t a g e  i s  
e s s e n t i a l l y  t h e  same a s  t h a t  t o  be used  i n  the S a t u r n  V 
launch v e h i c l e  f o r  t he  l u n a r  l and ing  mis s ions .  Thus, 
d e l e t i n g  S a t u r n  I v e h i c l e s  a f t e r  SA10, a l lows  t h e  
c o n t r a c t o r  t o  concen t r a t e  h i s  e f f o r t s  and f a c i l i t i e s  
on the s t a g e  t o  be used i n  the  l u n a r  l a n d i n g  mis s ions .  

The o r i g i n a l  c o n t r a c t  f o r  t h e  second s t a g e  of the 
S a t u r n  I launch v e h i c l e  (S-IV s t a g e )  d i d  n o t  s p e c i f i c a l l y  
c a l l  f o r  a man-rated v e h i c l e .  I f  manned f l i g h t s  were 
t o  be  r e q u i r e d  on the S a t u r n  I, c o n t r a c t  scope changes 
would be needed. Table A - 8  l i s t s  some of the c o n t r a c t  
scope changes t h a t  w i l l  n o t  be needed i f  manned 
S a t u r n  I f l i g h t s  are  e l i m i n a t e d .  Thus, d e s i g n  and 
manufactur ing personnel  can  be t r a n s f e r r e d  from the 
S-IV e f f o r t  t o  t h e  S-IVB program. T h i s  w i l l  p rovide  
g r e a t e r  a s su rance  of meet ing schedule  r equ i r emen t s .  



C .  S p a c e c r a f t  

The s p a c e c r a f t  modules f o r  S a t u r n  I and Sa tu rn  I B  
v e h i c l e s  a r e  under c o n t r a c t  to N o r t h  American Avia t ion .  
Because of t h e  d i f f e r e n c e s  i n  t h e s e  two launch  v e h i c l e s ,  
t h e  s p a c e c r a f t  t o  be used are  n o t  i d e n t i c a l .  A s  the 
d iameter  of  t h e  Sa tu rn  I i s  d i f f e r e n t  t han  tha t  of 
the f i n a l  launch  v e h i c l e ,  a s p e c i a l  s p a c e c r a f t  a d a p t e r  
must be  used. I n  a d d i t i o n ,  a s p e c i a l  emergency d e t e c t i o n  
system (EDS) f o r  manned f l i g h t s  would have to be used 
i n  the  S a t u r n  launch v e h i c l e  w i t h  i n t e r f a c e s  w i t h  t h e  
EDS i n  t h e  s p a c e c r a f t .  The i n t e r f a c e s  he re  t ake  con- 
s i d e r a b l e  e f f o r t  on t h e  p a r t  of s p a c e c r a f t  d e s i g n e r s .  
De le t ion  of manned Sa turn  I f l i g h t s  would e l i m i n a t e  
the need f o r  t h i s  e f f o r t .  

The payload c a p a b i l i t y  of the Sa tu rn  I B  v e h i c l e  
i s  such t h a t  i t  can accommodate t h e  f i n a l  des ign  of  
the s p a c e c r a f t  and adap te r .  
s p a c e c r a f t  f l i g h t s  i n  the program, t h e  c o n t r a c t o r  can 
concen t r a t e  d i r e c t l y  on the f i n a l  c o n f i g u r a t i o n .  

Therefore ,  wi thout  Sa tu rn  I 
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APPENDIX B 

INCREASED CAPABILITY TO EVALUATE SPACECRAFT SYSTEMS 
ON UNMANNED FLIGHTS 

I. INTRODUCTION 

The concept f o r  f l i g h t  t e s t i n g  exempl i f ied  i n  e a r l i e r  
p lanning  was based on u s i n g  the  f l i g h t  crew as a n  e s s e n t i a l  
element i n  the t e s t  of many of the s p a c e c r a f t  systems.  Such 
p l ans  recognized t h a t  be fo re  manning of f l i g h t s  could be under- 
taken ,  t h e r e  had to be v e r i f i c a t i o n  on unmanned f l i g h t s  of t h e  
c a p a b i l i t y  of c e r t a i n  i tems on the  space  v e h i c l e  necessary  f o r  
crew s a f e t y .  Such i tems inc lude ,  for emmple ,  the emergency 
d e t e c t i o n  system, t h e  environmental  c o n t r o l  system, t h e  h e a t  
sh i e ld  and t h e  engines  tha t  provide deboos t  from o r b i t .  

A recommendation of t h i s  r e p o r t  i s  t o  i n c r e a s e  the  
t h e  c a p a b i l i t y  t o  e v a l u a t e  s p a c e c r a f t  systems on unmanned 
S a t u r n  I B  and Sa tu rn  V f l i g h t s  beyond t h a t  r equ i r ed  f o r  the 
necessa ry  t e s t i n g  of crew s a f e t y  items by f u r t h e r  mechanization 
of on-board systems and p rov i s ion  of a d d i t i o n a l  means of ground 
c o n t r o l  of t h e  s p a c e c r a f t .  T h i s  recommendation i s ,  t o  a l a r g e  
degree ,  independent  of t h e  recommendation t o  e l i m i n a t e  space-  
c r a f t  f l i g h t s  on t h e  Sa tu rn  I s e r i e s ,  The prime c o n s i d e r a t i o n s  
may be summarized as fo l lows:  

1. By i n c r e a s i n g  the c a p a b i l i t y  beyond t h e  minimum 
r e q u i r e d ,  p rogress  i n  f l i g h t  t e s t i n g  can proceed 
even if manning i s  delayed by unforeseen launch 

v e h i c l e  o r  s p a c e c r a f t  problems. 

2 .  By t e s t i n g  e s s e n t i a l l y  complete s p a c e c r a f t  on 
e a r l i e r  f l i g h t s  and by a c q u i r i n g  more d a t a  p e r  
f l i g h t ,  the p r o b a b i l i t y  of meet ing a scheduled 



d a t e  for the manned l u n a r  l a n d i n g  i s  improved. 

3 .  The i n t r o d u c t i o n  o f  an  i n c r e a s e  i n  s p a c e c r a f t  
mechanizat ion and ground s u p p o r t  i s  c o n s i s t e n t  
w i t h  the  r e v i s e d  program schedule  and  does n o t ,  
i n  i t s e l f ,  d e l a y  man r a t i n g .  

4. The i n c r e a s e d  c a p a b i l i t y  i s  c o n s i s t e n t  w i t h  the 
d e s i g n  o b j e c t i v e  now i n  the Apollo System S p e c i f i -  
c a t i o n  (M-DM 8000.001) which i n d i c a t e s  t h a t  " t h e  
d e s i g n  o f  t h e  CM guidance and c o n t r o l  system s h a l l  
b e  such  t h a t  .......... the CM can be r e t u r n e d  
s a f e l y  t o  the E a r t h  by ground-based r a d i o  command 
b y  r e q u e s t  of the crew i f  they are  f u n c t i o n i n g  o r  
w i thou t  crew p a r t i c i p a t i o n  i f  t h e y  are  i n c a p a c i -  
t a t ed .  It 

11. SPACECRAFT SYSTEMS TO BE TESTED ON UNMANNED FLIGHTS 

I n  o r d e r  t o  i n c r e a s e  the u t i l i t y  of t h e  unmanned f l i g h t  
t e s t  program, t h e  c a p a b i l i t y  for conduct ing  the f o l l o w i n g  types 
o f  t e s t s  should be provided:  

1. S p a c e c r a f t  Heat Sh ie ld :  

a .  r e - e n t r y  a f t e r  " c o l d  soak'' i n  ea r th  

b .  

o r b i t .  
r e - e n t r y  a t  speeds approximat ing  r e t u r n  
from l u n a r  mis s ions  
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2. Service Module Main Propulsion System: 

a, multiple restart capability 
b. performance after extended periods 

in space. 

3. Lunar Excursion Module Propulsion Systems: 

a. performance of LEM descent engines 
after extended periods in space 
including restart and throttling 

b. performance of LEM ascent engines after 
extended periods in space including 
stage separatior! and restart, 

4. Guidance and Navigation Systems: 

a. performance of CM and LEM systems 

b. performance of CM systems during 
during powered flight 

re-entry phases. 

5. Stabilization and Control Systems: 

a. performance of CSM and LEM systems 
during powered flight and coast 

b. performance of CM system during re-entry. 

6. Environmental Control Sys terns 

a. performance over extended operation 

b. evaluation of effects of cabin leakage, 
c. evaluation of effects of vehicle 

in space 

orientation. 
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7. Tracking and Communications Systems: 

a. performance of spacecraft equipment 
b. performance of ground facilities 
c. evaluation of operational procedures. 

While the earlier concept did permit unmanned flight 
testing of many of the systems indicated above, it was limited 
in the number of tests that could be conducted on any one flight. 
It was further limited by the degree of control which the ground 
could exercise over missions of more than several orbits in 
duration. 

111. MECHANIZATION FOR UNMANNED TESTS 

A: Spacecraft System Design Concept: 

The prime spacecraft systems are currently being 
designed f o r  the most part as automatic systems which 
can be actuated, monitored and, under some emergency 
conditions, interrupted by the on-board crew. There 
are of course alternate manual modes of operation of 
some systems. Earth-based facilities are being planned 
to support the crew and the on-board systems and to 
control some of the systems for spacecraft abort 
maneuvers should the crew become disabled. The degree 
of control is indicated in the Apollo System Specifica- 
tion, as quoted earlier, where the design objective is 
to return the CM to Earth by radio command in emergency 
situations. 
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To f u r n i s h  t h e  ear th-based  f a c i l i t i e s  w i t h  
the necessary  informat ion  t o  perform t h e i r  f u n c t i o n ,  
it i s  planned t o  r a d i o  t o  E a r t h  the s t a t u s  of systems 
such as p ropu l s ion ,  r e a c t i o n  c o n t r o l ,  guidance and 
nav iga t ion ,  e t c .  To g i v e  the s p a c e c r a f t  crew and 
systems the  suppor t ing  informat ion ,  the c a p a b i l i t y  
of  sending d a t a  f r o m  Earth to s p a c e c r a f t  i s  c u r r e n t l y  
be ing  designed i n t o  the system. 

Thus, the des ign  concept now be ing  employed f o r  
the s p a c e c r a f t  systems i s  t o  provide  au tomat ic  systems 
which a r e  crew ac tua ted  and which work c o o p e r a t i v e l y  
wi th  ear th-based s u p p o r t  f a c i l i t i e s .  

B. Mechanization Requirements: 

The des ign  of many of t h e  s p a c e c r a f t  systems as 
i n d i c a t e d  i n  t h e  prev ious  s e c t i o n ,  i s  s u i t e d  f o r  
f u r t h e r  mechanizat ion.  There a r e ,  however, impor tan t  
man-machine i n t e r f a c e s  where mechanizat ion i s  no t  
p r o f i t a b l e .  I n  gene ra l ,  these a r e  i n  the  ca t egory  
of crew-operated devices .  as d i s t i n c t  from crew- 
a c t u a t e d  d e v i c e s .  These p a r t i c u l a r  items a r e  b e t t e r  
t e s t e d  on manned miss ions ,  d u r i n g  ground s i m u l a t i o n  o r ,  
i f  p r a c t i c a b l e ,  on p r i o r  Gemini f l i g h t s .  

The g e n e r a l  a r e a  of  mechanizat ion r e q u i r e d  is  
such a s  to permit :  

1. ground a c t i v a t i o n  of sequences normally 
i n i t i a t e d  by the on-board crew 

2 .  ground c o n t r o l  of extended miss ions  
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To meet t h e  f i r s t  requi rement ,  t h e  ground s u p p o r t  
systems must be capable  of moni tor ing  t h e  s t a t u s  of 
f l i g h t  equipment and g e n e r a t i n g  and t r a n s m i t t i n g  
d i s t i n c t i v e  " s t a r t "  commands 'co t h e  on-board equipment.  
These d i s t i n c t i v e  commands, when r ece ived  by the  space-  
c ra f t ,  w i l l  i n i t i a t e  a preplanned sequence of e v e n t s .  

To meet t h e  second requi rement ,  t he  i t em of importance 
i s  t h e  ground c o n t r o l  of the s p a c e c r a f t  a t t i t u d e .  To 
r e a l i z e  t h i s  c o n t r o l ,  the c a p a b i l i t y  must be provided 
t o  r e a l i g n  t h e  on-board i n e r t i a l  system and to command 
a t t i t u d e  changes.  T h i s  w i l l  r e q u i r e  a d d i t i o n a l  on- 
b o a r d  s e n s o r s ,  as w e l l  a s  a command d a t a  l i n k .  These 
senso r s ,  which a r e  be ing  used on o t h e r  unmanned space  
f l i g h t  programs, may be i n  the form of ho r i zon  s e n s o r s ,  
sun seeke r s  or s t a r  t r a c k e r s .  

Also, p a r t  of t h e  ground c o n t r o l  problem i s  the 
de te rmina t ion  of t he  p o s i t i o n  and v e l o c i t y  of t h e  
s p a c e c r a f t .  P r e s e n t l y  planned t r a c k i n g  and communica- 
t i o n s  f a c i l i t i e s  w i l l  pe rmi t  the ground t o  determine 
veh ic l e  p o s i t i o n  and v e l o c i t y  and send t h i s  i n fo rma t ion  
t o  t he  s p a c e c r a f t .  T h i s  i n fo rma t ion  can be used t o  up- 
d a t e  the on-board guidance system. 

The des ign  of t h e  a d d i t i o n a l  mechanizat ion r e q u i r e d  
should be c o n s i s t e n t  w i t h  t h e  p o l i c i e s  on system des ign  
s p e c i f i e d  i n  the Apollo System S p e c i f i c a t i o n .  These 
a r e  paraphrased a s  fo l lows :  
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1. The des ign  of a l l  f l i g h t  equipment s h a l l  be 
such a s  t o  accommodate the  v a r i o u s  f l i g h t  
t e s t s  and vehic le  c o n f i g u r a t i o n s  which a r e  
planned w i t h  minimum v a r i a t i o n  of t h e  equipment 
from f l i g h t  t e s t  t o  f l i g h t  t e s t .  

2 .  The des ign  s h a l l  be such t h a t  no s i n g l e  component 
f a i l u r e  s h a l l  cause f a i l u r e  of t h e  f l i g h t  t e s t  
miss ion .  



APPENDIX C 

EXAMINATION OF THE REVISED TEST PLAN 

I. INTRODUCTION 

Current estimates of spacecraft availability, 
coupled with confidence in the Saturn IB vehicle development 
program, suggest the transfer of spacecraft demonstration 
tests to Saturn IB and an early phase-out of the Saturn I 
program. This Appendix describes a revised flight test plan 
which includes this change. Background material which traces 
the evolution of the revised test plan and outlines its 
advantages is also presented. 

11. PRIOR TEST PLANS 

A. Apollo Flight Mission Assignments - M-DE 8000.005A, 
April 9, 1963: 

As shown in Figure C-la, spacecraft tests were 
to begin on Saturn I Flight SA-10 in December, 1964, 
and were to culminate in a potential lunar mission on 
the first manned Saturn V flight in June, 1967. 
Manning of spacecraft would extend over nearly the 
entire flight test program, commencing in March, 1965. 
All three Saturn launch vehicles would be manned. 

Spacecraft payload configuration would vary as 
a result of the varying launch vehicle capabilities. 
Saturn I can carry only the command module and service 
module with a minimum of propellant in the service 
module. Saturn I would be phased-out as soon as the 
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larger Saturn IB vehicle became available for space- 
craft tests. Saturn IB will carry the CM, the SM 
with increased fuel load, and the lunar excursion 
module ascent stage. Saturn V will carry the final 
configuration spacecraft with a full propellant load. 

Spacecraft would be flown on 14 test flights 
Nine to eleven of the 14 over a 30-month period. 

spacecraft flights would be manned. 

B. 
(based on NAA-MDS-7) : 

Unofficial Flight Test Plan - September, 1963 

Program adjustments since April, 1963, require 
changes in the official Apollo Flight Mission Assign- 
ment Plan. These changes are discussed below, and 
their effects are shown in Figure C-lb. 

Expected spacecraft delivery dates are nine 
months later and result in a stretch-out of the 
Saturn I t e s t  program. 

Delays in launch vehicle availability are also 
reflected in Figure C-lb. The Saturn IB is expected 
to be available 3 months later and the Saturn V, 
4. months later than previously estimated. 

Under present plans, no more than four launches 
of any one Saturn launch vehicle type can be conducted 
in a 12-month period. 
launch intervals is reflected in Figure C-lb. 

The resulting revision to 
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F u r t h e r  p lanning  sugges ted  t h a t  two a d d i t i o n a l  
Sa tu rn  V f l i g h t s  w i l l ,  i n  a l l  l i k e l i h o o d ,  be r e q u i r e d  
before a l u n a r  mission can be undertaken.  

I n  c o n t r a s t  t o  t h e  schedule  shown i n  F igure  C-la, 
7 months have been added t o  t h e  s p a c e c r a f t  t e s t  pe r iod .  
The number of manned and unmanned t e s t  f l i g h t s  remain 
t h e  same and t h e  l u n a r  l a n d i n g  d a t e  has been set  back 
1 4  months. 

C .  T e s t  Po l i cy :  

Throughout t h e  e v o l u t i o n  l e a d i n g  t o  t h e  u n o f f i c i a l  
p l a n  descri3eed above 2nd shown i n  F igure  C-lb, ~ ~ c h  of 
t he  b a s i c  t e s t  p o l i c y  remained unchanged from t h e  
o r i g i n a l  p l an .  

Manning was planned a s  e a r l y  a s  p o s s i b l e  on each 
l aunch  v e h i c l e ,  and cont inued  throughout  t h e  f l i g h t  t e s t  
p e r i o d .  T h i s  al lowed man t o  be used as an e f f e c t i v e  
t e s t  ins t rument  and e s t a b l i s h e d  man-spacecraf t  compat- 
i b i l i t y  a t  an e a r l y  t i m e .  A s  a consequence, t h e  i n i t i a l  
f l i g h t  o b j e c t i v e s  f o r  each launch  v e h i c l e  and s p a c e c r a f t  
module were r e s t r i c t e d  l a r g e l y  t o  t h e  q u a l i f i c a t i o n  of 
systems v i t a l  t o  a s t r o n a u t  s a f e t y .  

Use of  automation was p lanned  only t o  t h e  e x t e n t  
r e q u i r e d  f o r  t h e  unmanned q u a l i f i c a t i o n  f l i g h t s  
mentioned above. 

Tes t  o b j e c t i v e s  were modest on t h e  e a r l y  f l i g h t s ,  

due j o i n t l y  t o  a d e s i r e  f o r  gradual  bu i ld-up  of 
c a p a b i l i t y  and t o  payload r e s t r i c t i o n s  imposed by t h e  
launch  v e h i c l e s .  
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111. RECOMMENDED FLIGm TEST PROGRAM 

A ,  Description: 

The delays in spacecraft availability suggest 
the use of the more advance Saturn IB vehicle for 
initial spacecraft demonstration tests. This use of 
Saturn IB, the resulting early phase-out of the 
Saturn I program and a revised test policy are 
reflected in the recommended flight test plan shown 
in Figure C-IC. 

The recommended flight test plan terminates the 
Saturn I program with a contingency mission, SA-10, 
following the micro-meteoroid experiments on flights 
SA-9 and SA-8. 
Saturn I are cancelled and remaining spacecraft test 
objectives are integrated into the Saturn IB test 
program. Eight Saturn IB and eight Saturn V missions 
are planned over a 31 month test period to demonstrate 
capability for a manned lunar landing. Objectives and 
plans for segments of the revised program have been 
modified to combine mechanized spacecraft tests with 
launch vehicle development flights. This will result 
in a higher rate of test accomplishment during the 
initial portions of the Saturn IB and Saturn V programs. 
The recommended test plan provides fourteen spacecraft 
test flights over a 30 month period. From three to 
eight of the flights are manned. Features of the 
recommended flight test program are examined in greater 
detail in the following sections. 

Tests related to the manning of' 



B, Saturn I - Saturn IB Cut.over: 
Study has shown that the increase in individual 

flight mission capability which results from the use 
of Saturn IB (see Appendix A) makes it possible t o  
accomplish the test objectives of Saturn I manned 
flights (SA-112 through SA-114) on the Saturn IB 
program without the need for additional flights, 
Missions SA-10 and SA-111 cover crew safety require- 
ments and are no longer needed in the Saturn I program, 
Data on Saturn I launch and exit environment which 
approximates conditions on a Saturn V vehicle will be 
obtained on flights SA-6 and SA-7. It therefore 
appears that 
the Saturn I program can be terminated with flight 
SA-7. However, an adequate number of Saturn I missions 
must be retained for launch vehicle development and 
for meteoroid experiments. 

from the standpoint of spacecraft tests, 

There is an uncertainty concerning the severity 
of the micro-meteoroid hazard t o  Apollo. A data- 
gathering period of approximately one year following 
the successful launching of a micro-meteoroid experiment 
will be needed t o  verify that the actual micro-meteoroid 
hazard is below the level which endangers Apollo space- 
craft. It follows that the micro-meteoroid experiments 
(SA+ and SA-8) must proceed as scheduled in Figure C-lb 
if we wish to resolve the uncertainty with respect to 
spacecraft structural design prior to the Saturn IB 
test program, 
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Continuation of the Saturn I program through 
the SA-8 mission (which follows the SA-9 mission) 
also will provide five two-stage flights for evaluation 
of the S-I and S-IV designs and technology. Scheduled 
completion of these missions will provide a one to 
two year period during which Saturn I flight experience 
can be factored into the design of the S-IB and S-IVB 
stages of the Saturn IB vehicle. 

Since requirements exist for flights through SA-8 
and since commitments for the SA-10 vehicle are such 
that relatively small savings could be achieved by 
cancellation, it is appropriate to retain SA-10 as a 
contingency mission. A third micro-meteoroid experi- 
ment is being fabricated and can be tentatively 
assigned as the SA-10 payload. 

C. Revised Test Policy: 

Although eight Saturn IB flights and eight Saturn 
V flights appear adequate to develop the launch vehicle 
and to demonstrate a lunar landing capability under 
previous testing policy, added assurance for meeting the 
end objective will be provided by a revised test policy. 
Previously, the more significant flight tests were 
deferred until after manning of space vehicles, Lack of 
confidence in launch vehicles or spacecraft that would 
delay manning would necessarily delay the entire program. 
Progress was limited by the assignment of incremental 
test goals to successive flights. This restricted the 
number of test objectives satisfied by a successful 
mission. 
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Under the revised test policy, Spacecraft tests 
will be mechanized so that many orbital tests may be 
performed without mannning. Full-scope spacecraft 
tests will be combined with launch vehcile development 
flights beginning with SA-201 and SA-503, Since 
several launch vehicle successes must necessarily 
precede manning, there will be several opportunities 
to achieve orbital flight t e s t  objectives during the 
vehicle prove-in interval. Manning is no longer a 
prerequisite for initial test program progress and 
the decision t o  man can be based on a more complete 
demonstration of space vehicle operation. Early 
manning is not precluded, bu t  is not required prior 
to the flights which call for sophisticatedorbital 
exercises. Test mechanization is covered in greater 
detail in Appendix B. 

As a by-product, the revised test policy will 
permit increased standardization of spacecraft 
configurations. Spacecraft will be limited to two 
standard configurations -- a CM-SM and a CM-SM + LEM. 
Use of these standard configurations from the outset 
of the flight test program will focus engineering, 
fabrication and t e s t  effort on the final spacecraft 
designs. 

D. Additional Considerations With Regard to Manning: 

Orbital flights under the recommended test plan 
are scheduled for the same period as were the manned 
Saturn I flights, However, manning occurs approximately 
one year later. Since the manned Saturn I flights 
would have occurred during the manned Gemini test 
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program (see Figure C-ld), the delay in the manning 
under the revised test plan will not create a void in 
manned space flight activities. In fact, the delay 
of manned flights on Apollo will tend to reduce 
potential conflicts in the allocation of resources 
at Cape Canaveral. More importantly, increased 
mechanization makes manning a less critical program 
milestone. Manned flights can commence on Saturn IB 
and on Saturn V with greater confidence under the 
recommended test plan f o r  the following reasons: 

1. There will be at least three additional 
flights of the S-1B stage prior t o  manning. 
Manning can be deferred until after one or 
two additionallaunch vehicle flights have 
been completed without significant effect 
on the overall test program. 

2. More complete ground testing and checkout 
of space vehicles and ground systems and 
greater utilization of applicable Gemini 
experience can be accomplished prior to 
manning. 

IV. SUMMARY OF OVERALL CONSIDERATIONS 

The cklmges incorporated in the revised test plan do 
not delay the probable date for achieving the first manned 
lunar landing. The revised plan places the Arollo program on 
a sounder basis for the following reasons: 

1. Manning is not a prerequisite for space- 
craft hardware testing and can be delayed 
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until required confidence in crew safety 
is demonstrated. 

2. The combination of mechanized spacecraft 
tests with launch vehicle development flights 
provides several additional opportunities f o r  
CM-SM qualification and thus makes the lunar 
landing schedule less sensitive to early test 
failures. 

3. Standardization of spacecraft configurations 
and the longer interval f o r  completion of 
ground tests and simulations will permit 
manufacture of spacecraft to more mature 
designs. These advantages offset the slight 
headstart toward spacecraft design verification 
that might be achieved if limited Saturn I 
spacecraft tests were retained. 

4. An increase in confidence of meeting Saturn 
IB, Saturn V and Apollo spacecraft availability 
dates results from the earlier transfer of 
program effort to these projects and from the 
simplification of the entire program that 
occurs when the Saturn I is phased-out. In 
addition, potential interference between the 
manned Gemini and manned Apollo programs will 
be reduced. 

5. There will be a greater opportunity t o  apply 
Gemini flight experience to Apollo designs and 
operations. 
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APPENDIX D 

COST CONSIDERATIONS FOR TRANSFERRING SPACECRAFT TEST 
OBJECTIVES FROM SATURN I TO SATURN I B  VEHICLE 

I.  GENERAL 

The phase-out  of Apollo f l i g h t  t e s t i n g  on the  S a t u r n  I 
launch  v e h i c l e  w i l l  save  program money i n  b o t h  the  launch v e h i c l e  
and s p a c e c r a f t  a r e a s .  A d e t a i l e d  s t u d y  has  been made by MSFC 
i n  t h e  launch v e h i c l e  a r e a  to determine t h e  s a v i n g s  f o r  each 
f i s c a l  y e a r .  S p a c e c r a f t  planned f o r  u se  on S a t u r n  I v e h i c l e s  
can  be  modif ied f o r  u se  on t h e  S a t u r n  I B  v e h i c l e .  A d d i t i o n a l  
ground t e s t i n g  and s i m u l a t i o n s  u s i n g  a v a i l a b l e  s p a c e c r a f t  can 
be planned b e f o r e  the  f i rs t  manned Apollo f l i g h t s .  The uncer- 
+ - : - + - 7  cIdlllcly n c  the  s p a c e c r a f t  a l l o c a t i o n s  f o r  t h e  r e v i s e d  f l i g h t  test 

program made a d e t a i l e d  s t u d y  d i f f i c u l t  a t  t h i s  time. It does 
a p p e a r  t h a t  a c t u a l  d o l l a r  sav ings  i n  t h e  s p a c e c r a f t  a r e a  a r e  
more p robab le  i n  FY 65 t h a n  i n  FY 64. 

The s t u d y  performed i n  t h e  launch  v e h i c l e  a r e a  i n d i -  
c a t e s  t h a t  approximate ly  50 m i l l i o n  d o l l a r s  can  be  saved i n  FY 64 
and 100 m i l l i o n  d o l l a r s  i n  FY 65. The t o t a l  s a v i n g s  i n  t he  launch  
v e h i c l e  a r e a  a r e  e s t i m a t e d  to b e  Over 280 m i l l i o n  dollars. The 
d e t a i l s  of t h e  launch v e h i c l e  s t u d y  a r e  p r e s e n t e d  i n  t h e  fo l lowing  
S e C t i O h S  o f  t h i s  Appendix. 

11. GUIDELLNES AND ASSUMPTIONS 

The s t u d y  has  been based on the  fo l lowing  g u i d e l i n e s  
and assumpt ions :  

1. Terminate  t h e  S a t u r n  I launch  v e h i c l e  program 
a f t e r  t h e  l a s t  R&D f l i g h t  SA-10. 



2. 

3 .  

4. 

5. 

6. 

7 .  

8. 

9. 

10. 

11. 

12. 

No manned S a t u r n  I f l i g h t s .  

Reduce S a t u r n  I c o s t s  to a minimum by e l i m i -  
na t i n g  programs a s so  c i a  t e d  w i t h  man- r a  t i n g  
t h e  S a t u r n  I v e h i c l e .  

I n v e s t i g a t e  impact on a l l  major  s t a g e  and 
engine c o n t r a c t o r s .  

Eva lua te  program c o s t  i n c r e a s e s  i n  S a t u r n  I B  
and V caused by r e d u c t i o n  i n  buy p a t t e r n s  
and i n c r e a s e d  burden r a t e s .  

Reasonable improvement o f  S a t u r n  I B  schedu le  
wi thout  s h o r t - c u t t i n g  ground t e s t i n g .  

Termina t ion  a p p r o v a l  by November 1, 1963. 

Reta in  S a t u r n  I program on MSFC t a r g e t  s chedu le .  

Maximum u t i l i z a t i o n  of  S a t u r n  I hardware f o r  
e a r l y  S a t u r n  I B  R8cD l aunches .  

Maximum t r a d e o f f  of  s chedu le  improvement and 
lowered c o s t  a t  t h e  expense of payload capa- 
b i l i t y  i n  e a r l y  S a t u r n  I B  F&D f l i g h t s .  

Product ion  o f  S - I B  s t a g e s  to minimize C h r y s l e r  
p roduc t ion  l a y o f f  . 
Eva lua te  launch complex u t i l i z a t i o n  to o b t a i n  
t h e  bes t  t r a d e o f f  between maximum f l e x i b i l i t y  
and e a r l y  backup pad c a p a b i l i t y .  

111. TRANSFER OF COSTS 

Table  D - 1  i n d i c a t e s  t h e  i t e m s  now under  c o n t r a c t  f o r  
t h e  S-I s t a g e s  t h a t  can b e  t r a n s f e r r e d  to t he  S- IB s t a g e  o f  t h e  
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S a t u r n  I B  v e h i c l e .  A s  t he  second s t a g e s  of  t h e  launch v e h i c l e s  
a r e  n o t  the  same, v e r y  l i t t l e  hardware can  b e  t r a n s f e r r e d .  
Table  D-2 shows t h e  changes i n  manpower a t  Douglas A i r c r a f t  
Company ( D A C )  r e s u l t i n g  from d e l e t i n g  t h e  S a t u r n  I v e h i c l e s  
a f t e r  SA-10. This  t a b l e  i n d i c a t e s  t h a t  no manpower l a y o f f s  
w i l l  b e  r e q u i r e d  i n  f i s c a l  yea r  1964. 

I V .  COST IMPACT 

Table  D-3 i s  a c o s t  impact breakdown o f  t h e  launch 
v e h i c l e  components and r e l a t e d  equipment f o r  bo th  t h e  S a t u r n  I 
and S a t u r n  I B  programs f o r  f i s c a l  y e a r s  1964 through 1968. 
T h i s  t a b l e  shows t h a t  the  n e t  sav ings  i n  the S a t u r n  I and I B  
programs would be 58.6 m i l l i o n  d o l l a r s  i n  FY 64 and 96.9 m i l l i o n  
i n  FY 65. 

Tables  D-4 and D-5 show d e t a i l e d  breakdowns f o r  the  
f i r s t  two items of  Table  D-3. 

The s a v a s  i n d i c a t e d  i n  Table  D-3  f o r  the  RL10-A-3 
engine  r e s u l t  because t h e  phase-out of  S a t u r n  I a l lows  the  f o l -  
lowing changes i n  

1. 

2 .  

3. 

4. 

the RLlO engine program: 

Terminate  d e l i v e r i e s  to S a t u r n  I program a s  
o f  December 31, 1963. ( S u f f i c i e n t  engines  
w i l l  b e  on hand a s  of t h a t  t ime t o  suppor t  
F&D v e h i c l e  f l i g h t s .  ) 

Reduce number of  eng ines  r e q u i r e d  i n  CY-64 
by 3/5 o f  p r e s e n t  s chedu le .  

Product ion  pe r sonne l  a t  P r a t t  & Whitney 
reduced by 25 p e r c e n t .  

The e q u i v a l e n t  of one engine  system t e s t  s t a n d  
would become a v a i l a b l e  f o r  a d d i t i o n a l  work. 
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The sav ings  l i s t e d  i n  Table  D-3 f o r  the  H-1 engine  
program r e s u l t  because the phase-out a l lows  the  fo l lowing  changes 

i n  t he  H - 1  engine program: 

1. Engines d e l i v e r e d  f o r  S-I v e h i c l e s  SA-111 
and SA-112 a r e  r e a l l o c a t e d  to S-IB v e h i c l e s  
SA-201 and 202. 

2 .  T o t a l  o f  54 engines  de le ted  from c u r r e n t  con- 
t r a c t  and scheduled fol low-on buys.  (Four  
engines  from c u r r e n t  c o n t r a c t  and 50 eng ines  
from follow-on. ) 

3. Requires  ex tending  performance p e r i o d  o f  
c u r r e n t  c o n t r a c t  from 24 to 42 months. 

4. Product ion  pe r sonne l  a t  Rocketdyne reduced 
by 30 p e r c e n t .  

Table  D-6 shows the n e t  funding  r e q u i r e d  by  f i s c a l  
y e a r s  both for t he  S a t u r n  I and I B  programs a s  a r e s u l t  of the  
sav ings  i n d i c a t e d  i n  Table  D-3 .  

Table  D-7 shows the  c o s t  impact  on LOC and the S a t u r n  V 

program for f i s c a l  y e a r s  1964 and 1965. 
be  reduced due to t h e  e l i m i n a t i o n  o f  t h e  l a t e r  S a t u r n  I launches .  
The i n c r e a s e s  shown i n  the  S a t u r n  V program a r e  rough e s t i m a t e s  
based on p a s t  expe r i ence  wi th  t e rmina ted  programs where e f f o r t  
was t r a n s f e r r e d .  I n  t h i s  c a s e  t he  S-IVB s t a g e  i s  to b e  used i n  
b o t h  t h e  S a t u r n  IB and the  S a t u r n  V programs. 

The c o s t s  a t  LOC w i l l  



The c o s t  impact of d e l e t i n g  S a t u r n  I v e h i c l e s  SA-111 
through SA-116 i s  summarized i n  the t a b u l a t i o n  below: 

Program Cost Impact ( m i l l i o n s )  
E71 64 Fy 65 

Sa tu rn  I - 73.4 -111.1 

S a t u r n  I B  + 14.8 + 14.2 
Sa tu rn  V 
LOC 

f 10.8 + 6 . 1  
- 0.7 - 0.5 

TOTAL - 48.5 - 91.3 

V. MANPOWER CONSIDERATIONS 

F igures  D - 1  th rough D-4 p r e s e n t  t h e  manpower s i t u a t i o n  
f o r  the major c o n t r a c t o r s .  I n  summary, t h e s e  f i g u r e s  show t h e  
impact  on f i s c a l  y e a r  1964 personnel  a s  fo l lows :  

Con t rac to r  Manpower Impact 
FJ 64 

Chrys l e r  
Douglas 
P r a t t  & Whitney 
Rocket dyne 

- 10.5% 
0 

- 25.0% 

- 30.0% 
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